Background: The efficacy of widely used povidone-iodine applicators for skin sterilization in abdominal surgery is unclear. The aim of this trial was to evaluate whether sterilization with a povidone-iodine applicator was not inferior to a conventional sterilization method.
Introduction
Skin sterilization before abdominal surgery is traditionally performed using a large amount of iodine antiseptic solution loaded on to surgical swabs or cotton balls. There is no clear evidence for the amount of disinfectant and number of swabs or balls used in existing guidelines 1, 2 . Large amounts of iodine disinfectant may cause adverse effects such as contact dermatitis and chemical burns 3 -10 , and may be unnecessarily wasteful. Povidone-iodine applicators have been approved by the Food and Drug Administration and are popular in the USA. They have several advantages, including sterile preparation, simplicity and low cost. However, the efficacy of these applicators in real clinical settings has not yet been demonstrated clearly. The aim of this study was to assess the non-inferiority of a povidone-iodine applicator with a single sterilization using a small amount of solution versus conventional sterilization using a large amount of iodine disinfectant in patients undergoing elective abdominal surgery.
Methods
The study was conducted with the approval of the ethics committee of Toyohashi Municipal Hospital, Toyohashi City, Aichi Prefecture, Japan. Written informed consent was obtained from all participants. The trial is registered with the UMIN Clinical Trials Registry (UMIN000018231).
The primary endpoint of this prospective RCT was the wound infection rate. Secondary endpoints were the rates of organ/space surgical-site infection (SSI), the adverse effects of povidone-iodine, the amount of povidone-iodine used and the total cost of sterilization.
Patients who underwent elective abdominal surgery between April 2015 and September 2017 at Toyohashi Municipal Hospital, a district general hospital of Aichi prefecture in Japan, were enrolled in the study. Exclusion criteria were: disinfection site not being flat, such as abdominoperineal resection of the rectum and operations to treat oesophageal cancer; high risk of wound infection (any operation involving the creation of an artificial anus or its closure); or surgery being performed as part of another clinical trial (robot-assisted operations, surgery inserting synthetic materials or operations where there was likely to be a different observation period for wound infection, such as inguinal hernia repair).
Patient randomization
Eligible patients were randomly assigned 1 : 1 to either the applicator or the conventional sterilization group. Five hundred sealed opaque envelopes were prepared, numbered 1-250 twice, and distributed randomly.
After obtaining informed consent before surgery for participation in the study, an envelope was opened at the trial centre by one of the surgeons performing the operation. The patient's name, hospital identification number and allocated group were noted on the designation form, which was placed immediately in the designated box at the trial centre. Patients were blinded regarding their allocation. Neither the surgeons nor doctors assessing for wound infection were blinded to the patients' group allocation.
Perioperative protocols and surgical procedures
Patients scheduled for lower digestive tract surgery underwent mechanical bowel preparation with magnesium citrate and sennosides at 15⋅00 and 21⋅00 hours respectively on the day before surgery. Other patients were prescribed only sennosides at 21⋅00 hours on the day before surgery. Patients took a bath or a shower the day before or on the morning of the operation. All hair within the proposed surgical area was clipped using electrical hair-clippers after induction of anaesthesia, but before skin sterilization. Systematic scrubbing of the expected surgical area with antiseptic soap was not performed, in accordance with the local surgical guideline 11 . Perioperative prophylactic antibiotics were given 30 min before skin incision, and additional doses were administered every 3 h during surgery until skin closure. No additional doses of antibiotics were given after the operation was completed. Antibiotics were selected in accordance with their bacterial sensitivity: cefazolin was used for all upper gastrointestinal and hepatobiliary-pancreatic operations, and cefmetazole for lower intestinal surgery. Metronidazole was selected for patients with a documented cephalosporin allergy.
Skin sterilization was commenced immediately after induction of anaesthesia. A surgeon who did not attend the operation sterilized the surgical field without scrubbing it with antiseptic soap, according to the local surgical guideline 11 . Patients in the applicator group received disinfection in a single outward spiralling movement from the centre of the abdomen using a povidone-iodine applicator (povidone-iodine solution 10 per cent Antiseptic Applicator Otsuka 25 ml ® ; Otsuka Pharmaceutical, Tokyo, Japan) ( Fig. 1) . Patients in the conventional group received disinfection via at least three outward spiralling movements from the centre of the abdomen, using povidone-iodine 10 per cent disinfectant and cotton balls. The amount of povidone-iodine disinfectant used in the conventional group was at least 75 ml, because this amount was judged to be the minimum required to wet sufficiently five cotton balls with a diameter of 3 cm in the cotton ball container at the authors' institution. If the operator determined that this amount was not enough, a further 25 ml disinfectant was added for each additional cotton ball required. The total amount of disinfectant used was recorded. Surgery was started when the povidone-iodine had dried, after draping the cleaned area appropriate for that operation. Surgical wounds were covered with disposable gauze for open abdominal surgery and with disposable wound protectors for laparoscopic abdominal surgery (SurgiSleeve™ Wound Protector; Medtronic, Dublin, Ireland). Where there was a perceived risk of anastomotic and/or bile leakage, closed intra-abdominal drains were placed. Once all gloves had been changed, the fascia was closed with monofilament absorbable sutures. Incision sites were washed with saline, and subcutaneous and skin sutures were placed. Subcutaneous drains were not used. Incision sites were covered with sterile dressings, which were removed within 48 h. Intra-abdominal drains were removed 1-5 days after operation. All procedures were performed or supervised by at least one of the eight general surgeons, each of whom had performed more than 500 surgical interventions and was board-certified by the Japanese Surgical Society.
Determination of wound and surgical-site infections
Wound infection was defined as a superficial or deep incisional SSI according to guidelines issued by the US Centers for Disease Control and Prevention (CDC) 12 .
Briefly, criteria for superficial and deep incisional SSIs were infections occurring at the incision site within 30 days of the procedure, involving the skin, subcutaneous tissue, muscle and fascia but not the organ/space, together with at least one of the following: purulent drainage from the incision; an organism isolated from culture of fluid from the incision; incisional pain, tenderness, localized swelling, redness or heat; and an incision that dehisced spontaneously or was opened deliberately by a surgeon in the presence of the signs and symptoms of infection described above. The criteria for organ/space SSIs were infection occurring within 30 days of the procedure in any part of the anatomy that was opened or manipulated during the operation other than the incisional site, together with at least one of the following: purulent fluid from a drain placed in the organ/space; an organism isolated from culture of fluid from the organ/space; abscess or other evidence of infection involving the organ/space found on direct examination, during reoperation, or by histopathological or radiological examination; and diagnosis of an organ/space SSI by a surgeon. Patients' wounds were observed by surgeons and nurses daily during hospitalization, and examined by surgeons 30 days after surgery.
Sample size
The predetermined non-inferiority margin was an absolute wound infection rate in the applicator group 5 per cent higher than that in the conventional group. Assuming a one-sided α of 0⋅05, a power of 80 per cent and an expected 5 per cent incidence of wound infection in both groups, 235 patients per group were needed (Dunnett-Gent test 13 ). Assuming an 8 per cent dropout rate, the planned required sample size was 253 patients per group. The non-inferiority margin of 5 per cent was set for the primary endpoint only. Non-inferiority was to be judged when the upper limit of the 90 per cent c.i. of the absolute difference in wound infection rate between the groups was lower than the predetermined non-inferiority margin of 5 per cent.
Statistical analysis
Continuous variables were analysed using Student's t test, and categorical variables with Pearson's χ 2 or Fisher's exact test, as appropriate. The primary endpoint was analysed with the Dunnett-Gent test for evaluating non-inferiority of the applicator group versus the conventional group. Statistical analysis was performed using R version 3.4.4 (R Foundation for Statistical Computing, Vienna, Austria) at a significance level of P < 0⋅050. 
Results
From April 2015 to September 2017, 522 patients were initially considered eligible, but 20 patients did not agree to participate and four had a known iodine allergy. A total of 498 patients who underwent elective abdominal surgery agreed to participate and were eligible for enrolment. Of these, 247 and 251 patients were assigned to the applicator and conventional group respectively. After randomization, 12 patients were excluded; seven had reoperation within 30 days, two had synthetic materials inserted and three were lost to follow-up, leaving 240 and 246 patients in the applicator and conventional group respectively, for final analysis (Fig. 2) . All patients received the planned disinfection and were followed up for 30 days after surgery. Patient and operation characteristics of the two groups were well balanced at baseline (Tables 1 and 2) .
Wound infection was detected in 16 patients (6⋅7 per cent) in the applicator and 16 (6⋅5 per cent) in the conventional group (absolute difference 0⋅0016 (90 per cent c.i. −0⋅037 to 0⋅040) per cent)), confirming that the applicator method was not inferior to conventional sterilization (P = 0⋅014) ( Table 3) .
Organ/space SSI was detected in 11 patients (4⋅6 per cent) in the applicator group and 16 (6⋅5 per cent) in the conventional group (P = 0⋅421). Median volumes of povidone-iodine used in the applicator and conventional group were 25 and 76⋅7 ml respectively (P < 0⋅001). The total cost of sterilization in the conventional group was calculated by the sum of the costs of disinfectant and disinfection kits; median total cost was €6⋅4 in the applicator group and €7⋅0 (range 6⋅9-7⋅2) in the conventional group (P < 0⋅001). Although not significantly different, the only adverse effect from povidone-iodine administration was skin irritation, seen only in the conventional group (3 patients, 1⋅2 per cent) ( Table 3) .
Discussion
This study compared a povidone-iodine applicator method using a small amount of solution in abdominal surgery with a conventional sterilization method. Applicator sterilization was not inferior to conventional sterilization method in terms of the wound infection rate.
Various reports on wound infection control have been published, and guidelines have also been provided by the CDC 1 and the UK National Institute for Health and Care Excellence 2 . Regarding skin sterilization before surgery, some studies 14 -16 have shown efficacy for various types of disinfectant, but there remains inadequate evidence with respect to disinfection procedures and amounts of disinfectant used.
Two differences were found between the povidoneiodine applicator with single sterilization and the conventional sterilization method: a lesser volume of disinfectant was used in the applicator group, and the equipment employed was different for the two methods. Although the amount of disinfectant was significantly lower in the applicator group, wound infection rates were no different: equivalent skin disinfection was achieved with 25 ml povidone-iodine using an applicator, without any preprocedural skin scrubbing with disinfectant soap. The value of presurgical skin scrubbing for the prevention of SSI is still controversial 17 . To simplify and minimize as many factors as possible to compare the power of sterilization, only povidone-iodine was examined in this study. The surgical site was sterilized with a single outward spiralling movement from the centre of the abdomen in the applicator group, suggesting it is unnecessary to sterilize the same site repeatedly, as was done in the conventional group. Some consideration should also be given to the use of large volumes of povidone-iodine as this can result in chemical burns, not simply allergic reactions 3 -10 . In the present study, three patients in the conventional group had a skin reaction.
The equipment differed between the applicator and conventional methods. The foam part of the applicator tip, which is in contact with the skin, is made of polyethylene, as according to the manufacturer it has a flat memorized shape. Compared with cotton balls used in the conventional method, it may be that the applicator tip can make more uniform contact with the skin surface, with disinfectant discharged at a uniform rate. For uneven sterilization surfaces such as the shoulder, a previous study 18 reported a tendency for insufficient application when sterilizing with an applicator. However, this does not appear to be an issue when using the applicator on a relatively flat surface, such as the abdomen as in the present study, and a previous study 19 used applicator preparations successfully for preoperative skin disinfection in clean-contaminated surgery.
Several limitations of this study should be acknowledged. The study took place in a single institution, with potential bias in terms of evaluating efficacy and safety. It was not double-blinded; although patients were blinded, the surgeons were not because of the nature of the study. Even after the povidone-iodine had dried, the difference in appearance between the two procedures was evident for surgeons, and this may have affected their attitude towards handling the wound. The minimum amount of povidone-iodine used in the conventional group was set at 75 ml. As the volume of disinfectant used at the authors' institution had never been measured before this study, it is possible that this amount differed from the normal amount used elsewhere.
